Abstract This study aimed to investigate the population of annelida communities in relation to environmental factors and heavy metals accumulated in sediments of the Gorgan Bay. The pollution load index and potential ecological risk (PER) were calculated. The results indicated mean concentrations (ppm) of heavy metals were (mean ± SD) Pb: 11.5 ± 4.88, Cu: 18 ± 8.83, Zn: 42 ± 22.15, Ni: 29.20 ± 14.68, Co: 10.56 ± 14.68, As: 7.77 ± 2.12, Sr: 1,449 ± 902.59 and V: 26.64 ± 10.25. Considering PER, sediments of the Gorgan Bay had low ecological risk. Based on abundance data, dominant species were Streblospio gynobranchiata, Nereis diversicolor, Tubificoides fraseri and Tubificidae unknown, respectively. Results of redundancy analysis displayed that T. fraseri and N. diversicolor were associated with high values of Sr. All the species were negatively correlated with As. There were positive correlation between S. gynobranchiata and N. diversicolor with values of clay, salinity, depth and silt. The present study provided the relative importance of heavy metals and environmental variables which partly assist in structuring assemblages of annelida in a transitional area.
Introduction
Characteristic features of benthic communities such as sedentary lifestyle or limited mobility, relatively long life cycle, a wide variety of species altogether with different sensitivities to environmental stressors, their important role in cycling nutrients at sediment-water interface are beneficial in quality evaluation of aquatic ecosystems (Dauvin 2008; Borja et al. 2008) .
The community structure of benthic macroinvertebrates can be influenced by sediment particle size (Van Hoey 2004) , salinity (Pinder et al. 2005) , availability of food and nutrients (Frost et al. 2009 ), anthropogenic pollution and pH (Goto and Wallace 2010) .
Pollution affects community structure of benthic macroinvertebrates, and such community exhibits species-specific responses to a number of given anthropogenic stressors (Goto and Wallace 2010) . Introduction of contaminants into natural environment results in adverse changes such as the loss of sensitive species (Dauvin 2008) , while tolerant species may grow faster because their competitors have already been eliminated by the toxicant (Connell et al. 1999) . This would cause a decrease in the number, diversity and abundance of tolerant species as well as a shift in species composition.
Benthic invertebrates are considered as the most vulnerable community due to the dependence of their community structure on the sediment and can be affected by an increasing trend of heavy metals. Metals absorption by these organisms is pertained to each individual metal concentration and chemical forms of metals transmission. Benthic organisms have been widely used in marine environmental monitoring, particularly in the toxicity of sediments, as they are directly affected by the pollutants in such sediments (Brown and Luoma 1995; Lotufo et al. 2001; Zorita et al. 2007) .
Worms are often the main benthic species in estuarine sediments, and their sedentary lifestyles are ideal for examining site-specific contamination issues (Scaps 2002) . Polychaetes can be found at all latitudes and depths and are suitable indicators of organic pollution due to their high abundance and sensitivity to different amounts of organic matter in sediments (Fauchald 1977) . Some oligochaetes have been described as good organic pollution indicators due to their high dominance in enriched sediments (Gamito 2008) .
Gorgan Bay located at the southeastern section of the Caspian Sea with 60 km length and 12 km width is a semienclosed basin, as it receives no wave's energy from the Caspian Sea. The bay is mostly affected by the currents originating from inside the basin. This area is best known for its high economical and ecological importance as a fishing and recreational ground because of appropriate biological conditions for aquatic animals. The Gorgan Bay is considered as an ultimate sink for water flowing from Gharehso River. The Gorgan River faces the Caspian Sea at vicinity of the bay mouth at the northeast part.
With the above scenario, the objectives of the present study are: (1) to assess the extent of heavy metals and ecological risk and (2) to determine the relationships between annelida communities, environmental parameters and heavy metals deposited in sediments of the Gorgan Bay in August 2010.
Materials and methods
Benthic sample collection and analysis Benthic macroinvertebrates were collected using Van-Veen grab from sediments of the Gorgan Bay in August 2010 (Fig. 1) . Three replicates were collected at each sampling site. The geographical locations of the sampling sites were recorded using a hand-held GPS (eTrax, Garmin). Immediately after collection, sediment samples were sieved using a 0.5-mm mesh sieve, fixed in 4 % buffered formalin solution and stained with rose bengal. Then, all the annelida were separated under a dissection microscope and identified to the lowest taxon possible. Fig. 1 The locations of the sampling sites at the Gorgan Bay Determination of physical and chemical parameters In each sampling site, environmental parameters were measured in the water column using a CTD probe (Ocean Seven 316, Italy) that allows high resolution and simultaneous monitoring of pressure (expressed as water depth), temperature, pH, electrical conductivity (EC), dissolved oxygen concentration, total chlorophyll-a concentration, turbidity and light backscatter. In this study, we used temperature, salinity and depth data.
Heavy metals analysis
Another sediment sample was collected using Van-Veen grab for heavy metals analysis. After sampling, sediment samples were packed, carried to the laboratory in iced boxes and stored at 4°C until analysis. After sediment samples were dried in an oven and stone pieces were removed, they were ground using a hand mortar. For digestion of sediment samples, 0.5 g of each sediment sample was added with a mixture of HCl-HNO 3 -H 2 O (with the ratio of 1:1:1 v/v) and heated at 95°C during 1 h. In the laboratory, the samples were analyzed (As, Ni, Zn, V, Sr, Pb, Cu, Co and Al) using inductively coupled plasma mass spectroscopy (ICP-MS; Perkin-Elmer ELAN9000) at ACME Analytical Laboratories Ltd. in Canada (http:// www.acmelab.com/cfm/index.cfm). ACME is currently registered with ISO 9001:2000 accreditation. Standard samples (Oreas 45 Pa, DS7 and DS8) were used to monitor the performance of the instrument and data quality. The analytical results of the quality control samples show good agreement with the certified values (recoveries ranging 94.04-107.89 %).
Determination of organic matter in sediments
To assess total organic matter, sediment samples were dried at 70°C for 24 h and then combusted in an oven at 550°C for 4 h. Total organic matter, as described by Abrantes et al. (1999) , was measured by the following equation:
where B and C are the weights of dried sediment before and after combusting in the oven, respectively.
Determination of sediments grain size
Sediment grain size analysis was made from soil samples collected in separate polythene bags. For that, samples were air-dried and sieved through a mechanical sieve to remove shells, debris, etc. Dried sediment samples were subjected to size fraction analysis following the procedure of Wentworth (1992) . Hundred gram of sample was taken and sieved through a 62-lm mesh-sized screen for 10 min in a mechanical sieve shaker. The sample remained in the sieve was weighed and treated as sand. Sediment samples that passed through the sieve were the silt and clay. The silt and clay fractions were then separated by means of pipette method, described by Lindholm (1987) .
Method of pollution load index (PLI) and potential ecological risk (PER)
To assess the sediment environmental quality, an integrated PLI of six metals was calculated as suggested by Suresh et al. (2011) .
where CF metals is the ratio between the content of each metal to background values,
Potential ecological risk index was also introduced to assess the contamination degree of heavy metals in the present sediments. The equations for calculating PER were proposed by Hakanson (1980) as the following:
where C is the single element pollution factor, C a is the content of element in samples, and C b is the reference value of element. The sum of C for all the metals examined represents integrated pollution degree (C) of the environment. E is the PER index of an individual element. T is the biological toxic factor of an individual element, which is determined for Cu = Pb = 5, Zn = 1, As = 10 and Ni = 6 (Guo et al. 2010; Fu et al. 2009 Difference in density annelida community in sites was indicated by a non-metric multidimensional scaling (nMDS) ordination, which was derived from Bray-Curtis similarity metrics and a fourth-root transformation. The reliability of nMDS representations of assemblage similarities was assessed with their stress values; stress \0.2 was considered to be acceptable (Clarke and Warwick 2001) . This analysis was also performed using PRIMER 5.
In order to assess relationships between the annelida community composition and environmental variables, first we performed a detrended canonical correspondence analysis (DCCA) on abundance data, but without data transformation, to obtain the length of the gradient along the first axis, according to ter Braak and Š milauer (2002) ; when the gradient length is \3, a redundancy analysis (RDA) is recommended, and when gradient length is [4, a CCA is recommended. Our data exhibited short gradients in DCCA analysis, and therefore, the linear model RDA was considered as appropriate model for this dataset. All data were log(x ? 1) transformed in order to reduce the influence of common taxa. Further, data were transformed (centered and standardized by species), to harmonize different scales (Lepš and Š milauer 2003) . Monte Carlo permutation test was performed to determine whether the relation between species abundances and the measured physicochemical variables was significant. These analyses were performed using the software of CANOCO 4.5 (ter Braak and Š milauer 2002).
Results and discussion

Environmental variables
Gorgan Bay depth ranges from 0.62 to 4.12 m with an average value of 1.84 ± 1.14 m. The highest and the lowest depths were observed at stations 6 and 10, respectively. Salinity was between 4.95 and 12.40 ppt. Average value of temperature recorded in the Gorgan Bay was 26.08 ± 1.03°C.
Regarding to the analysis, TOM content in sediment of the Gorgan Bay was 1.75-9 % (averaged 4.45 ± 1.72 %) which exhibited the highest and the lowest amounts at stations 15 and 14, respectively. Likewise, the sand, silt and clay contents averaged 23.38 ± 27.56, 36.61 ± 18.3 and 39.76 ± 14.40 %, respectively (Table 1) .
Univariate analysis of annelida community structure Altogether, the identified annelida communities in the Gorgan Bay belonged to two classes, three families and three species. Annelida families included: Spionidae, Nereidae and Tubificidae.
Among all the species, Streblospio gynobranchiata was identified at all sampling stations as it was similar for Nereis diversicolor except for station 15 where no individuals of this species were found. Tubificoides fraseri was detected at all sampling stations except stations 3 and 7 ( Table 2 ). The highest density of S. gynobranchiata was observed at station 1, T. unknown at station 8 and T. fraseri and N. diversicolor at stations 10 and 11, respectively.
Based on abundance data, dominant species were S. gynobranchiata, N. diversicolor, T. fraseri and Tubificidae unknown, respectively. The presence of S. gynobranchiat at all sites might be due to their ecological importance in the Gorgan Bay as it is an invader species in the Caspian Sea probably introduced from ship's ballast water.
As deduced from Table 2 , the most density was displayed at station 1 while stations 6 and 14 exhibited the lowest one. Overall mean density of annelida inhabiting in sediment of the Gorgan Bay was 65.46 ± 45.10 (ind. 0.03 m -2 ). More precisely, significant differences (P \ 0.05) were observed in density of all the studied sampling stations. Shannon diversity index (H 0 ) varied from 0.21 to 1.44 which exhibited the most and the least amounts at stations 9 and 2, respectively. Average value of Shannon index was 0.76 ± 0.39 and displayed significant difference (P \ 0.05) between station 10 with sampling stations 2, 3, 4, 6, 7, 11 and 12 (Table 2) . Evenness index (J 0 ) ranged from 0.13 to 0.87 with the lowest and the highest levels at stations 2 and 15, respectively. The mean value of Evenness index was accounted for 0.51 ± 0.20 (Table 2 ). The species richness (d) varied from 0.20 to 0.69 with the highest and the lowest values at stations 9 and 2, respectively. In Gorgan Bay, species richness averaged 0.42 ± 0.14 and exhibited significant difference between sampling station 2 with sites 8, 9 and 13 as well as between station 9 with sites 2, 3 and 7 (P \ 0.0.5).
According to nMDS analysis using density, annelida communities formed four distinctive groups in which stations 2, 3, 5, 9 and 11 were included in the first group; stations 1, 4, 8 and 10 in the second group; stations 7, 12, 13 and 15 in the third group and stations 6 and 14 in the fourth group (Fig. 2) . nMDS plot showed sites with a higher annelida density at the right extreme, while at the left extreme appeared sites with lower annelida density. Generally, density of annelida in eastern part was higher than western part of Gorgan Bay. A wide range of biological indices based on benthic communities has been applied for ecosystem evaluation. Generally, estuaries and inlets are exposed to environmental stressors much more than other regions.
In a healthy environment, Shannon-Wiener species diversity is in the range of 2.5-3.5 (Khan et al. 2004 ). Family-level diversity values are generally lower than species-and genus-level diversity (Gesteira et al. 2003) . In this study, the average value of Shannon species diversity index was 0.76 ± 0.39. Shannon diversity index accounts for less than 1 in extremely polluted waters, 1-3 in moderately polluted water and more than 3 in non-polluted water bodies (Wilhm and Dorris 1966 ). According to above-mentioned, stations 5, 8, 9 and 10 are moderately polluted sites and the others reflect extreme pollution, clearly suggesting that annelida communities in the Gorgan Bay are influenced by the stressors. Vincx and Heip (1987) stated that the use of diversity indices as the only tool in monitoring programs is sometimes doubtful as statistically significant changes in indices can be emphasized only if intense variations in the assemblage structure occur.
Generally, number of species decreases in highly disturbed communities which resulted in the dominance of one or two specific species and then the value for Evenness index decreases much more. In the present study, mean value for Evenness index in the Gorgan Bay was calculated for 0.51 ± 0.20. Low values of evenness in a large part of study area were indicative of imbalanced benthic assemblages (Díaz-Castaneda and Harris 2004).
Spatial distribution of heavy metals in sediments
Range of heavy metals concentration (ppm) was . The most concentrations of Cu, Pb, Ni, As and V were recorded at site 3 while the highest levels of Zn and Co were obtained at station 4. Additionally, Sr revealed its highest content at station 11. The lowest concentrations of Cu, Pb, Ni and Zn were obtained at site 14, Co at station 15, As at station 8, Sr at station 2 and V at station 10 (Table 1) .
Several studies have been conducted on heavy metal contamination throughout the world (Huang and Lin 2003; De Mora et al. 2004; Zhang et al. 2007) . Results of the present survey revealed lower contamination by heavy metals at the Gorgan Bay in comparison with other areas. Heavy metals in surface sediments of a given zone may originate from multiple sources, such as industrial and municipal wastewaters, discharges from mining, irrigation, local rivers and creeks, along with the erosion of rocks and ?, recorded; -, not recorded soil parent materials. Gorgan Bay is surrounded by many industries, agricultural and fish farms, dye and papermaking manufactures. These industries use fertilizers, herbicides and fungicides through which copper, lead and chromium can be released to the rivers by precipitation falling, draining water and consequently into the sediments of the Bay. Generally, concentrations of all the heavy metals except for Sr were high in eastern part of the Gorgan Bay. On the whole, heavy metals concentration in the sediment was in a descending order as:
In order to predict the heavy metal pollution, a comparative study was performed with sediment quality guidelines (SQGs). Average contents of all the measured heavy metals except As were lower than those of corresponding value of effect range low (ERL), effect range medium (ERM) and probable effect levels (PEL). According to SQGs, adverse biological effects are expected rarely (\ERL), occasionally (CERL and \ERM/PEL) and frequently (CERM/PEL) (Long et al. 1995) .
As levels at sites 3, 6, 11, 12 and 14 were higher than ERL (8.2), suggesting that As in sediments of these sites would occasionally be expected to cause adverse biological effects on biota.
Pollution load index (PLI) and potential ecological risk (PER)
Results of contamination factors (CFs) and PLI for all metals studied here are presented in Table 3 . The highest values of CFs for all the heavy metals except for Sr were observed at sites 3 and 4, which located near the inlet of Ghareso River while it was at site 11 for Sr. Average PLI in the Gorgan Bay was 1.83 ± 0.64. Also, the minimum and the maximum PLI were 0.89 and 2.86, respectively. Stations 3 and 14 had the highest and the lowest of PLI, respectively (Table 3 ). An area with PLI value [1 is polluted, whereas PLI value \1 indicates no pollution (Chakravarty and Patgiri 2009; Seshan et al. 2010 ). Similarly, PLI for a zone is calculated by the following equation:
where n is the number of sites. Based on PLI value (1.78), the Gorgan Bay is moderately polluted. Site 3 had the highest PLI (2.86) within the study area, implicating that the sediments of the aforesaid site were strongly polluted by the investigated heavy metals. Site 14 where PLI is 0.89 should be classified without metal pollution.
PER calculated from all metals exception V, Sr and Co, ranged between 18.38 and 60.88. The highest value of PER was recorded at station 3 while the lowest one was recorded at station 14. An average of 36.9 ± 14.91 was obtained for PER in the Gorgan Bay (Table 3) .
PER can be used to evaluate the potential risk of one metal or a combination of multiple metals. The calculated PER values can be categorized into four classes of PERs: low grade (PER \150), moderate (150 \ PER \ 300), severe (300 \ PER \ 600) and serious (PER [600) (Hakanson 1980) . Based on PER results calculated in the present study, Gorgan Bay is classified as a low-risk bay. Fig. 2 Non-multi-dimensional scaling carried out on abundances of the annelid assemblages (fourth-root transformed) using Bray-Curtis similarity at the Gorgan Bay PER and PLI values in the surface sediment show an increase generally from the west to the east, representing that the PERs and pollution increase in the eastern parts of the Gorgan Bay. Sr made the main contribution in PER while Ni and Pb had the highest proportion in PLI.
Correlation between heavy metals, physicochemical variables and annelida community structure
Regarding to the statistical test of Pearson, there was a significant positive relationship between all the studied heavy metals with the exception of Sr. Cu, Pb, Zn, Ni and Co were significantly negatively correlated with Sr. Moreover, Sr was negatively correlated with As (Table 4) .
Positive correlation between heavy metals suggests that metals have common sources, mutual dependence and identical behavior during the transport. In the present study, metals of Co, Cu, Ni, As, V, Pb and Zn have a common source (human or natural). There are many industries, agricultural and fish farms, dye and paper manufactures using herbicides, fungicides and chemical fertilizers around the Gorgan Bay through which Ni, Pb and Cu can be released into the rivers and consequently sediments of the Bay. Negative correlations between Sr with other metals suggest that it does not share the above specifically metal traits with others. Strontium is a naturally occurring alkaline earth metal that is common in marine ecosystems and crustal materials (Kasimtseva 2010) .
Clay had a negative and significant correlation with As. Sand content revealed a negative significant correlation with Cu, Pb, Zn, Ni and Co, but As and Sr presented a positive correlation with this environmental parameter. There was a positive and significant correlation between silt with Cu, Pb, Zn, Ni, Co and V while a negative and significant correlation was found between silt and Sr. This shows that heavy metals such as Co, Cu, Ni, As, V, Pb and Zn may be adsorbed on the surface of magnetic minerals which can be found in silt grains. TOM revealed a positive correlation with the whole metals except for Co and As which showed a negative correlation (Table 4) . The fine grains, representing the higher ratio of surface to volume and ionic absorption power, are more capable in the absorption of contaminated organic and inorganic materials (McCave 1984; Horowitz and Elrick 1987) . This has been proposed that organic matter can affect heavy metals distribution by forming complexes with the metals as these matters contain high specific surface area (Nissenbaum and Swaine 1976) . This has been shown that the higher the organic content, the higher the sulfur content, resulting from the precipitation of sulfur during processes of sulfatoreduction induced by OM decomposition. In anoxic conditions, heavy metals can precipitate with sulfide minerals, and being rapidly removed from the dissolved phase Generally, fine-grained sediments carrying lots of organic matter are more contaminated than that of coarsegrained sediments (De Mora and Sheikholeslami 2002) .
Environmental factors can affect on the structure and species diversity of macrobenthic communities and the range of these changes differ in various environments, depending on the level of tolerance to environmental stressors for species (Gray and Pearson 1982; Rygg 1985) . Tolerant or opportunistic short-lived species are mostly found in stressed environments while susceptible ones tend to become rare or even extinct in such areas. Somerfield et al. (1994) deduced that sedimentary heavy metals are most strongly correlated with the composition of biological community in the sediment.
So far, several previous researchers have investigated the relation between the levels of heavy metals in sediments and macrobenthic community (Rygg 1985; Hall et al. 1996; Morrisey et al. 1996; Mucha et al. 2003; Burlinson and Lawrence 2007) and demonstrated a negative relationship between these metals and macrobenthic diversity. Rygg (1985) reported a negative correlation between metals (Pb, Cu and Zn) with diversity index. Somerfield et al. (1994) indicated that nematode fauna from copper-contaminated sites was less abundant, had a lower richness and a lower species diversity compared with that from less contaminated sites. Similarly, there were negative correlation between H, d, J and S with all of the heavy metal contents except Sr in our survey (Table 4) .
The negative relationships observed between most biotic metrics and metals such as As, Cu, Ni, V, Co, Pb and Zn indicate that heavy metal contamination is a strong contributing factor to poor biotic condition of the Gorgan Bay. Negative correlation of biotic metrics with these metals (Table 4 ) also indicated that even at present low levels, heavy metals impacted indices of H, d, J and S for annelida.
Concerning the species tolerance to heavy metals, aquatic organisms are classified into three groups: more susceptible (Crustaceans), less susceptible (Mollusca) and tolerant (Polychaete) (Railken 2004) . In the present work, the class Polychaete (N. diversicolor and S. gynobranchiata) and T. fraseri were present at most stations. This finding might be due to the resistance ability of these species in response to different ecological conditions at the Gorgan Bay after which they become dominant at all stations.
Although high levels of all heavy metals were found at stations 1, 4, 8 and 10, annelid communities remarkably had heavy densities. This can be partly explained by the fact that the concentrations measured in present study were within the recommended SQGs. The overall lack of a significant negative correlation between heavy metals and density of annelida supports this idea. In general, contaminations would be toxic for living organisms when they exceed over the standard limit (Hall and Frid 1995) .
Positive correlation between Sr with all the biological indices may be due to the fact that this is an essential heavy metal for species. Generally, shortage of essential heavy metals causes physiological disorders and exposure to high doses of heavy metals would result in toxic effects (Connell et al. 1999) .
Eigenvalues of the first two RDA axes were high (0.53 and 0.29) when compared with subsequent axes (Fig. 3) . According to RDA analysis, axes 1 and 2 explained 53.7 and 29.2 % of the variation in species composition, respectively. The first two axes explained 82.9 % of variance of species-environment relation.
Results of RDA indicated a negative correlation between all the species with As which implies that As has a negative significant influence on the studied annelida in the Gorgan Bay (Fig. 3) . Effect of As was quite different from the effects of other metals. While this metal was less abundant in the sediments, its toxicity is considerably higher than that of other metals studied here. Hall and Frid (1995) perceived that polychaetes Capitella capitata and oligochaete Tubificoides sp. were all negatively affected by the presence of Cu in microcosm experiment. Several studies pointed out that the polychaete worms can tolerate toxic effects of copper (Bryan and Hummerstone 1971; Grant et al. 1989; Rygg 1985) . Bryan and Hummerstone (1971) implied that lethal copper levels were higher for polychaete N. diversicolor growing in high-copper sediment than those in low-copper sediment. Grant et al. (1989) demonstrated that the elevated tolerance of N. diversicolor to copper was inheritable. Our results detected that T. fraseri and N. diversicolor were negatively correlated with Cu (Fig. 3) .
TOM is important for benthic infauna as it is a potential food source. In brackish water environments, oligochaetes are considered as the most tolerant group to organic pollution (Galope-Bacaltos and San Diego-McGlone 2002).
Abundance of infauna community increases when organic content increases, up to a threshold, beyond which these communities decline (Pearson and Rosenberg 1978) . Contaminant content and hypoxia level in organic matters (Amai 1996) may also affect marine infaunal growth and production. This study presented that S. gynobranchiata and N. diversicolor were negatively correlated with TOM and sand while T. fraseri was positively correlated with both variables (Fig. 3) . In the present work, it was shown that in addition to heavy metal concentrations, TOM and grain size were two other important determinant factors in abundance of annelida in the Gorgan Bay.
As proposed by Marin et al. (2008) , ecological quality status is classified into three levels according to organic matter content: high good (less than 5 %), moderate (between 5 to 10 %) and poor bad (greater than 10 %). As illustrated in Table 1 , TOM contents of all stations were less than the presented above range (1.75-9 %) in the present study. According to Marin et al. (2008), stations 1, 2, 3, 4, 7, 8, 9, 10, 12, 13 and 14 showed a high-good quality while the remaining stations 5, 6, 11 and 15 should be classified as moderate.
Salinity is one of the most important parameter affecting both physicochemical variables and biology of living organisms within an estuary. Attrill and Rundle (2002) exhibited that salinity variation is the major factor influencing distribution of organisms in estuaries. Fluctuating salinity conditions cause a level of stress that prevents organisms maximizing their potential distribution. Annelida assemblage studied here, in the present work, is directly influenced by salinity due to their low mobility. Our result displayed that S. gynobranchiata and N. diversicolor were positively correlated with salinity (Fig. 3) .
Conclusion
This study provides important information on annelida communities in relation to environmental factors and heavy metals in surface sediments of the Gorgan Bay. Sr and As had the highest and the lowest concentration levels in the surface sediment of Gorgan Bay, respectively. Level of As at some sites was higher than ERL. This may cause toxicity to certain exposed organisms. According to PER calculated in this study, Gorgan Bay is classified as low risk. No single mechanism has been able to explain faunal patterns observed across many different environments, and at any given location, indicating that a number of different interacting factors are involved. Because in the present work, the annelida assemblages were investigated only in late spring, more studies during other seasons, within at least 2 or 3 successive years and with increasing the sample size, are needed to fully understand how annelida respond to heavy metals contamination and other environmental parameters and how they can be used to indicate the level of heavy metals. Fig. 3 Results of RDA between annelids assemblage, environmental parameters and heavy metals at the Gorgan Bay. The arrows indicate the direction of increase for the variables studied. The angles between variables reflect their correlations (angles near 90°indicate no correlation, angles near 0°indicate high positive correlation and angles near 180°indicate high negative correlation)
